A technique has been developed to enable measurement of photolyzable chlorine and bromine at trace levels in the troposphere. In this method, ambient air is drawn t•ough a cylindrical flow cell, which is irradiated with a Xe arc lamp. In the reaction vessel of the photoactive halogen detector (PHD), photolyrically active molecules Clp (including C12, HOC1, C1NO, C1NO2, and C1ONO2) and Brp (including Br2, HOBr, BrNO, BrNO2, and BrONO2) are photolyzed, and the halogen atoms produced react with properie to form stable halogenated products. These products are then sampled and subsequently separated and detected by gas chromatography. The system is calibrated using low concentration mixtures of C12 and Br2 in air from commercially available permeation sources. We obtained detection limits of 4 pptv and 9 pptv as Br2 and C12, respectively, for 36 L samples.
Introduction
The episodic destruction of ground level ozone in the Arctic at sunrise is a phenomenon that has been observed for many years. [Fan and,lacob, 1992; Abbatt, 1994] along with BrC1 [Abbatt, 1994; Vogt et al., 1996] . These mechanisms can be tested with appropriate measurements of the precursors and/or the halogenated products.
To improve our understanding of which processes may be important with respect to halogen atom chemistry in the troposphere, reliable measurement methods for photolyrically active sources of chlorine atoms (e.g., C12 and HOC1) and bromine atoms (e.g., Br2 and HOBO are clearly needed. Although a method has been reported that enables measurement of C12 
Methodology
The principle of the photoactive halogen detector is to rapidly photolyze the ambient halogen-containing compound to release a halogen atom(s). The halogen atom(s) then reacts with a scavenger hydrocarbon molecule to produce a stable halogenated product that can be collected and measured. A schematic of the system is shown in Figure 1 Table 1 shows the equivalent relative concentration for each of these species that would produce the same amount of chlorine and bromine atoms as produced by Br2 and C12; that is, Table 1 indicates the relative concentration of each species that would produce the same measured response as do Cl2 and Br2. For example, 100 ppt of CHBr3 is required to produce the same signal as obtained for 1 ppt of Br2. If we consider the 4 pptv "as Br2" detection limit, this would correspond to a 400 pptv detection limit for CHBr3. Thus it is very unlikely that CHBr3 would contribute to the overall response in the Arctic, where CHBr3 mixing ratios are typically of the order of 1-5 ppt . If the exact nature of the photolytically active specie(s) is known, we can estimate the overall uncertainty for this method. Variabilities in a number of factors which include blank levels, measurement of air volumes, analyte collection efficiencies, and inlet losses and calibrations influence the overall combined uncertainty of the method. For the case of CI 2 and Br2, the uncertainties are as follows. Equation (1) 
where, again, K2 is a constant which includes the solvent extraction volume (+2%), Avogadro's number, the air number density, and the volume of air sampled (+2%). In equation ( Although this method responds to all rapidly photolyzable species and is thus a potentially useful technique for detecting their presence, it is in the same way limited for quantitative measurements when numerous such species are present simultaneously, as indicated from the information in Table 1 
Conclusions
The need for measurements of rapidly photolyzable halogen atom precursors has become increasingly important to development of a better understanding of the complex chemistry of the Arctic region. In response to this need, we developed a measurement technique that may provide answers to the surface ozone depletion phenomenon found with the onset of 24 hours of daylight, as well as the more general question regarding the global importance of halogen atom chemistry in the marine boundary layer. The method developed enables measurement of photolytically active sources of Br and CI atoms at the low parts per trillion level, and enables detection of the relative importance of Br and C1 atoms in the atmosphere. This instrument was used in a recent field study conducted in the Canadian high Arctic at Alert (82.5øN, 63.2øW) as part of the Polar Sunrise Experiment 1995. The data are discussed by Impey et al. [this issue]. Ambient mixing ratios of "total photolyzable chlorine" varied from <9 to 100 pptv and those of "total photolyzable bromine" from <4 to 38 pptv.
